Abstract In the last several decades, the literature on obesity has increased exponentially. In spite of growing interest in trends in obesity worldwide, we remain largely in the dark regarding the true nature of the causes and consequences of obesity. High weight is clearly a risk factor for a variety of negative health outcomes; indeed, obesity is one of the clearest negative health trends to emerge in the last half of the twentieth century. What continues to elude us is the mechanism by which obesity impacts health and functioning, a critical distinction which must precede the development of effective interventions.
Introduction
In the latter part of the twentieth century, the increase in both childhood and adult obesity has garnered a great deal of attention. According to the Centers for Disease Control, while obesity in American children aged 2 through 5 remained essentially flat between 1999 and 2007, there has been an increase for both boys and girls in ages 6 through 19 [1] . In adults aged 20 and older, trends during the same period also have been upward, with the greatest increase and highest prevalence in the 60-69 year age group [2, 3••] . Longer term trends have been even more remarkable; between 1972 and 2010, the prevalence of adult obesity has increased approximately 150 % [2] . During the same period, research into obesity, as measured by the number of citations in Medline, has increased approximately 550 %. Figure 1 shows the exponential nature of the growth in Medline Citations using 'obesity' as the keyword between 1972 and 2012. Not surprisingly, the increase in research into obesity follows the increase in obesity-in this case, the average proportion of adult obesity in the United States between 1972 and 2010-by approximately 10 years.
In spite of the virtual explosion of interest in the 'obesity epidemic' [4] , we remain largely in the dark regarding the true nature of the causes and consequences of obesity. High weight is clearly a risk factor for a variety of negative health outcomes; indeed, obesity is one of the clearest negative health trends to emerge in the last half of the twentieth century. What continues to elude us is the mechanism by which obesity impacts health and functioning, a critical distinction which must precede the development of effective interventions. The purpose of this article is to examine recent research on obesity and its impact on disability and physical functioning. An extensive sample of the obesity research published since 2012 has yielded several outstanding issues, concerning obesity, disability, and physical functioning in children and adults, in the general population and in those with specific conditions. These issues include causes and consequences of obesity, continuing debate about appropriate measures of obesity, and increasing interest in the development and prevention of sarcobesity.
Measuring Obesity
The continuing problem with measuring obesity involves natural trade-offs between quantity and quality of data. Population-based surveys, such as the National Health Interview Surveys and Health and Retirement Surveys, conducted in the United States (US) have generally had to limit the measurement of obesity to body mass index (BMI) from selfreports of height and weight. In contrast, the National Health and Nutrition Examination Surveys (NHANES) have used measured height and weight, waist and arm circumference, and measures of skinfold thickness. The NHANES uses dual x-ray absorptiometry (DEXA), which can be used to measure body composition, but NHANES only records the measures of spine and femur composition [5] . For more sophisticated measures of obesity (e.g., fat mass, muscle mass), clinical surveys are much more practical, with the trade-off being smaller and less representative samples.
Recent research provides several examples of this issue. While nearly all of the articles surveyed use either selfreported or measured height and weight to calculate BMI, several studies use multiple measures, most often in an attempt to distinguish which of the chosen measures provides the best predictive value for a specified outcome. Alternatives to BMI have included intra-abdominal fat (IAF; measured by ultrasound), and body composition measures such as fat mass, fat free mass, waist and hip circumference, and waist/hip ratio, usually measured by DEXA [6] [7] [8] [9] [10] 11 •, 12••, 13, 14••]. Only one of these studies eliminated BMI as a measure of obesity [10] , as the results indicated that total and leg lean mass were linked to pain disability, while BMI was not. Others found significant effects of BMI and IAF [9] , interactive effects of high WC and BMI =>30 [11•] , and gender-specific results in the predictive value of BMI and WC [14••] .
The variety in these results emphasizes the importance of understanding the implications of how we measure obesity. Among other things, we have relatively little insight into the relationships the various measures have with each other [13] . In addition, in at least one study of weight loss and exercise as interventions, results clearly indicate that measuring BMI is not enough, and should include such measures as fat and muscle mass [12••] .
Obesity and Disability in Adults
The connection between adult obesity and disability is welldocumented [15] [16] [17] [18] [19] [20] [21] [22] [23] , usually finding significant effects of obesity on activities of daily living (ADL) disability. ADLs include personal care tasks, such as bathing, dressing, feeding oneself, toileting, transfer, and walking inside one's home [24] . Among population-based studies finding significant obesity effects, a Swiss study of nursing home residents [25] using Minimum Dataset Resident Assessment Interview (MDSRAI) data found that those who were underweight or overweight had increased need for ADL care, while those who were obese were the least likely to experience recovery over the ten-year period. These findings are mitigated somewhat by the already impaired sample, and dependence on the accuracy of staff input on the MDSRAI. In another population-based study, this one done in Spain, adults were examined for the onset of ADL, IADL, and mobility disability [26] . Results were gender-specific--obesity was found to be linked to ADL disability and mobility disability in women. Only being a smoker predicted ADL disability in men [26] . Also using a population-based study, Stafford and colleagues [27] examined two waves of the Health Survey for England, looking for socioeconomic status (SES) differences in the health-rated quality of life (QOL) impact of cardiovascular conditions (CVD). Using the EuroQOL EQ-5D scale [28] , which includes mobility, self-care (ADLs), and usual activities domains, the authors found CVD risk highest in low SES respondents, and this effect was significantly exacerbated by obesity. Unfortunately, the authors did not present domainspecific results, so we cannot tell the precise nature of the impact of obesity on ADLs, for example.
While ADL disability was the most frequent type of disability examined, some studies chose other types of disability, including work disability. Arterburn and colleagues' study, which sought the relationship between obesity, depression and seven domains of disability, including work limitations, found that depression was associated with all seven domains, while obesity was associated with rolefunctioning, household, and work limitations [29•] . In addition, a longitudinal German study of construction workers aged 25-64 examined the onset of occupational disability, a measure similar to work disability [30] . Both baseline BMI and increased BMI were related to onset of occupational disability, by 10 % and 26 %, respectively.
Among studies that did not find a relationship between obesity and disability was a longitudinal study of older adults in São Paulo, Brazil [31•] . This study's findings indicated that BMI was not a significant predictor of the onset of ADL disability. In a survey of college alumni aged 60 and older, "abnormal weight", smoking and sedentary lifestyle were examined for both survival and disability onset over a period of 20 years [32] . Abnormal weight was not a significant predictor of disability; in fact, smoking trumped all other factors. Unfortunately, in addition to a clearly non-representative sample, the authors combined underweight and overweight together (abnormal weight), almost certainly diluting any results one might expect.
Finally, several studies examined the impact of different measures of obesity on disability in adults. In a Dutch study of middle-age and older adults, denOuden and colleagues used BMI and IAF to examine their associations with ADL and IADL disability, finding that higher levels of BMI and lower levels of IAF were both associated with having 'any grade of dependence' on any of the disability questions [9] . Using the Health, Well-being and Aging in Latin America and the Caribbean study (SABE) data from 1999-2000, Nam and colleagues examined adults age 65 and older in seven cities [11•, 33] . Combining BMI and WC into six categories (e.g., low WC with overweight, low WC with obesity), significant results were found in some of the cities, with the High WC with overweight and high WC with obesity groups the most likely to be associated with ADL disability. Similarly, a longitudinal study of Australian adults used BMI, WC, hip circumference (HC), waist-hip ratio (WHR), fat mass, fat free mass and % fat, to predict ADL disability [14••] . Findings in men indicate that BMI is the best predictor of all types of disability, with WC nearly as good. In women, BMI and WC together were the strongest predictors of overall and mobility disability, and HC was the best predictor of self-care disability.
While these recent studies tend to confirm a relationship between obesity and disability in adults, the evidence is by no means consistent. Comparison of results is complicated by differing definitions of disability and obesity, sample sizes, and methods of data collection. In general, these difficulties also plague studies examining obesity and physical functioning in adults.
Obesity and Physical Functioning in Adults
Research results addressing linkages between obesity and physical functioning (PF) are only marginally more consistent. Several studies indicated deleterious effects of obesity on several measures of PF, such as the Physical Component Scale (PCS) of the Short Form Health Status Measures (SF36), upper and lower body limitations, timed walking tests, among others [15] .
Several population-based studies found significant linkages between obesity and PF. For example, Levine and Crimmins examined a nationally representative sample of US adults 60 and older to observe the relationship between obesity and sarcopenia on the ability to perform six measures of PF [34••] . Cross-sectional results showed that obesity had a significant negative effect on PF with and without the presence of sarcopenia. In another population-based study, Oh and colleagues studied the relationship between obesity and upper and lower limb functioning [35] . Their findings suggested a strong link between lower limb difficulty and obesity, but no relationship between obesity and upper limb difficulty. The previous two studies [34••, 35] were crosssectional, so causal inferences cannot be drawn. In contrast, a 3-year longitudinal study was conducted on nearly 68,000 post-menopausal women to examine whether obesity was a predictor of change in the PCS of the SF36 [36] . Results suggest that both overweight and obesity are associated with a 32 % and 38 % greater likelihood of worse functioning, respectively.
Other studies examined PF and obesity in purposive or clinical samples. In a study of relatively affluent urban Brazilian women, Vagetti used the ability to participate in physical activities as the measure of PF, and found no relationship between BMI and the physical activity ability [37] . Other studies, including a survey of older homebound Israelis [38] , fibromyalgia patients undergoing interdisciplinary treatments [39] , gastric bypass patients [40] , and middle-aged members of Kaiser Permanente with no COPD [41] , found somewhat consistent results, with all four of these finding that obesity is associated with worse PF. Subtle differences in the study findings, however, include a finding that both underweight and obesity impaired PF [38] , increasing or severe obesity (BMI 35+) impaired PF [39, 40] , and in one case, that the greater culprit was smoking [41] . All of these samples, of course, were relatively small and non-representative.
As with obesity and disability, there is strong evidence that obesity negatively impacts PF in adults. Drawing firm conclusions from these results is problematic due to measurement issues, sample sizes, and data collection methods. In many ways, these issues are even more complicated when examining obesity in children and adolescents.
Childhood Obesity and Disability
Increasing overweight and obesity in US children has also become a major concern for public health policy makers, and consequently has received increasing attention by the research community. In spite of an apparent leveling off in recent years, nearly one-third of US children, aged 2-17, are overweight or more, and there are significant disparities by socioeconomic status, race and ethnicity [1] . The most recent estimates of high weight in US children indicate that 19.6 % of children aged 6-11 are overweight (=>85th percentile on CDC's sex-specific BMI for age growth charts), and 35.5 % of children aged 6-11 are obese [1] . Comparisons to subpopulations of children reveal significant differences in being overweight among white, black, and Hispanic children aged 6 to 11, with 34.5 % overweight in non-Hispanic white children, 37.6 % in non-Hispanic black children, and 42.6 % in Hispanic children [1] .
Of course, obesity in children is not an issue limited to the US. In a longitudinal study in the United Kingdom, Deere and colleagues examined adolescents under the age of 17 for the types of pain commonly associated with fibromyalgia in adults [42•] . Using measured BMI and the 95th percentile cutoff, they found that obese adolescents were more likely to report most types of pain compared to their non-obese peers. Although headache pain is associated with obesity in adults [43] , it is rarely addressed in children. However, in an Italian review of studies on migraine headaches in children, Verrotti and colleagues observed a clear connection between obesity and migraines, which are often a disabling condition [44] . They also found evidence in the literature of potential mechanisms, such as inflammatory adipocytokines including tumor necrosis factor-α and interleukin-6 which are elevated in obese persons and may, in turn, increase the incidence of migraines.
As children mature, issues of weight assume an increasing saliency for self-esteem and other psychosocial issues. Using a nationally representative sample from the US National Survey of Children's Health, researchers compared 43,000 children from ages 10 to 17 to determine whether being overweight or obese was linked to disability [45••] . The measure used was a parent-report of whether the child was limited or prevented from doing the kinds of activities that most children of the same age can do. Using the 85th percentile for overweight and the 95th for obese BMI cutoffs, the authors found evidence of a link between obesity and activity restrictions and an increased tendency toward poorer health, emotional problems (such as bullying), and other school-related problems. This crosssectional study raises the issue of whether high weight precedes or is the result of these physical or emotional difficulties. In another study of mental health related issues, Ranzenhofer and colleagues examined obese (95th percentile of BMI) nonHispanic White and non-Hispanic Black children between the ages of 12 and 17 [46] . The purpose of the study was to examine a specific emotional eating behavior-binge eating-and its association with QOL. In adults, it is fairly wellestablished that binge eating is connected to lower mental and physical QOL [47] . The Impact of Weight Quality of Life measure [48] , adapted for use with adolescents examined seven domains of weight-related QOL, with results indicating that binge eating was associated with poorer QOL in the domains of health, mobility, and self-esteem. Gender-specific results showed a higher propensity for the females to report lower QOL than males in activities of daily living, mobility, self-esteem, social/interpersonal functioning, and problems in school.
While these studies implicate obesity in a variety of physical and mental health disabilities, many factors remain to be examined. Such factors include family dynamics, particularly nutritional eating habits, and social and environmental context [49•] .
Obesity, Osteoarthritis, and Treatment Outcomes in Adults
Obesity puts adults and children at elevated risk for a variety of chronic conditions, including osteoarthritis (OA), diabetes, heart disease, and stroke, any one of which can be a risk for disability, workplace injuries, pain, and difficulty in physical functioning [50] [51] [52] [53] . Recent research suggests that the combination of obesity and OA is a risk factor for quality of life, particularly in older adults [10, 54, 55••, 56 ••]. Messier [57] suggests that OA of the knees and hips is linked to obesity because of the mechanical stress obesity places on weightbearing joints, a suggestion buttressed by the lack of any findings of obesity effects on OA in the hands, for example. In a meta-analysis of obesity and OA studies, Jiang and colleagues found that, on average, a 5-unit increase in BMI was associated with a 35 % greater likelihood of knee OA [58] . As with any meta-analysis, the results are highly dependent on the inclusion and exclusion criteria used. Nevertheless, other studies tend to confirm this relationship. A Korean study found that high BMI in adults with knee OA-regardless of severity-had a significant negative effect on physical performance, as measured by the Short Physical Performance Battery [59] . Other important factors included muscle strength and the presence of knee pain [60•] . Similarly, a Dutch review of the OA literature found that high BMI combined with a low level of physical functioning were related to the lowest levels of physical activity in adults in hip OA [61] .
Another issue involving obesity and OA relates to the efficacy of treatment. Vincent and colleagues recently summarized both mechanisms through which obesity impacts the etiology of OA, and the efficacy of weight loss treatments to ameliorate and/or prevent OA [55••, 56••] . To begin, obesity puts abnormal strain on weight-bearing joints, resulting in joint compression and malalignment. A complicating factor is the higher muscle mass and fat mass in obese people, which increases both systemic and local inflammation factors, such as Il-6, tumor necrosis factor-α, and C-reactive protein (CRP). The combination of joint degeneration and increased inflammation leads to pain, decreased function, and OA. In older adults, this process can lead to a vicious downward cycle also recognized in the propensity to fall; pain associated with OA leads to decreased physical activity, which in turn leads to higher weight, which increases pain and further joint deterioration, and so on [55••, 56••, 62] .
In order to break this cycle, weight loss interventions commonly used are medications, diet and exercise, and bariatric surgery in extreme cases. All of these interventions carry risks, particularly bariatric surgery, and the research is not clear in terms of their short-or long-term effectiveness. In spite of their potential to generate positive health and economic benefits [63•] , evidence that weight-loss medications are effective in the long-term is lacking. Even then research indicates that even in the short-term, weight-loss medications may help less than half of those who take them, and are probably more effective when used in combination with diet and exercise [56••] . Diet and exercise as interventions have been examined in many randomized controlled trials, with fairly consistent results indicating at least an additive effect between the two, not only in the ability to lose weight, but also in decreased pain associated with OA [55••] . In a particularly interesting study of diet and nutrition, Park and colleagues examined the Korean diet (high in salt, additives, and sugar) for effects on the behavior of Korean school children [64] . While obesity itself was not addressed, they found a strong link between diet, nutrition and both learning disabilities and attention-deficit/hyperactivity disorder.
In addition, Henriksen's study of weight loss in obese patients with knee OA raises the question of how best to lose weight, particularly in older adults, for whom weight loss can be evidence of deteriorating health, and can also lead to the onset of sarcopenia [10] . In fact, one of the more intriguing developments in obesity research relates to the combination of obesity and sarcopenia, commonly known as sarcobesity.
Sarcobesity -An Emerging Issue for Older Adults
Sarcopenia is defined as age-related loss of muscle mass, a condition that affects over 33 % of adults over the age of 60, and more than half of those aged 80 and older [12••] . The presence of sarcopenia in older adults is associated with mobility and frailty, joint disorders, loss of physical strength, and functional capacity. The combination of obesity and sarcopenia -sarcobesity (SO) -can be particularly disabling, as obesity elevates the risk of chronic conditions, such as impaired glucose regulation, depression, and myriad cardio-and cerebro-vascular conditions [12••, 34••, 65] . In a study of elderly Taiwanese, Lu and colleagues [65] examined the connection between SO and metabolic syndrome, using measures from the National Cholesterol Education Program-Adult Treatment Panel III, modified for Asians [66] . BMI and skeletal muscle mass were combined to create four categories of interest: 1) normal; 2) sarcopenia; 3) obesity; and 4) SO. Their findings suggest that SO places older adults at a much greater risk of metabolic syndrome than either sarcopenia or obesity alone. These results are extended in the study by Levine and Crimmins, who used 1999-2004 NHANES data to examine the relationship between obesity and sarcopenia on the ability to perform six measures of PF [34••] , including walking a quarter mile, climbing ten stairs, and other similar tasks. Using standard gender-specific measures of High WC [67] and sarcopenia, they found an additive effect, with greater likelihood of PF difficulty of 30 %, 55 %, and 83 % with obesity, sarcopenia and SO, respectively [34••] .
Addressing weight loss in older adults must be approached cautiously, then, in order to improve the weight without risking the development of sarcopenia. There is considerable evidence that preventing SO in older adults is a complex process, and at the very least should involve aerobic exercise, strength training, proper diet and adequate nutrition in order to preserve muscle mass [12••, 55••] . This confluence of weight loss methods has been shown to lessen such critically important chronic health factors as inflammation, oxidative stress, and insulin resistance [34••, 55 ••], and to increase muscle strength with the potential to ameliorate physical symptoms in patients with conditions as diverse as knee OA and multiple sclerosis [60•, 68] .
Conclusion
In summary, even though there is occasionally conflicting evidence, the recent literature on obesity confirms previously established connections between disability, physical functioning, and obesity in children and adults. As one of the clearest negative health trends to emerge worldwide in the latter half of the twentieth century, the prospects for increasing disability are alarming [1, 2, 3••, 15, 69] . As this trend continues, areas of particular concern are increased diagnosis of type II diabetes in children and a potential reversal of positive trends in disability and chronic conditions, particularly among middle-age adults [19, 20, [70] [71] [72] .
In addition to vexing issues concerning the measurement of obesity, research into disability and physical functioning is also hampered by differing definitions of both concepts. In spite of efforts to standardize these measures [73] , inconsistencies persist, making it difficult to determine trends accurately, and to compare results between studies. Compounding this problem are differences in the nature of samples used in studies of obesity-clinical vs. population; general vs. disease-specific-and a variety of methods-primary vs. secondary data; crosssectional vs. longitudinal, for example. While these differences are driven by the aims of different research projects, this also hampers our ability to make comparisons across studies, much less across countries.
The main limitation of this review is that, given the trends cited in Fig. 1 , it goes without saying that this article represents but a sample of recent studies of obesity. Observations made, therefore, are dependent on the studies chosen for review. Nevertheless, there is no reason to assume that conclusions drawn are anything but robust.
Perhaps the most encouraging developments are studies addressing mechanisms leading to obesity. Studies examining inflammation, adipocytokines, vitamin D, and other biophysical elements hold great promise for informing further studies of the etiology of obesity [55••, 56••, 74, 75] . Understanding of these and other underlying mechanisms is key to the development of effective, long-lasting interventions designed to halt, or at least, slow the increase in obesity that currently plagues society worldwide.
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